The biologics modified the treatment of plaque psoriasis in recent years. It is important that dermatologists know the mechanism of action of these drugs so they can better understand their indications and side effects. In this article we will discuss the mechanism of action of five biologics used in the treatment of plaque psoriasis: three anti-tumour necrosis factor agents (infliximab, adalimumab and etanercept) and two interleukin inhibitors (ustekinumab and secukinumab).
Introduction
Tumour necrosis factor-alpha (TNF-α) is a potent proinflammatory cytokine exerting pleiotropic effects on various cell types and plays a critical role in the pathogenesis of chronic inflammatory diseases, such as psoriasis [1, 2] . Accumulating evidence suggests that not only soluble TNF-α (sTNF, a homotrimer of 17 kDa monomers), but also its precursor form (transmembrane TNF [tTNF] , a homotrimer of 26 kDa monomers) is involved in the inflammatory response [1, 2] . sTNF is released as a soluble cytokine after being enzymatically cleaved from its cell-surface-bound form (tTNF) by TNF-α-converting enzyme [ and macrophages (cells which form the granulomas) and the sTNF is essential for the maintenance of granulomas architecture [1-3]. ADA and INF induce complement-dependent cytotoxicity, ADCC and outside-to-inside signalling through transmembrane TNF-α and seem to be more potent than ETN in the elimination of transmembrane TNF-α-bearing macrophages and transmembrane TNF-α-bearing T cells. Therefore, they are very effective in disrupting granulomas, being indicated in the treatment of granulomatous diseases such as Crohn's disease [1] . However, the occurrence of reactivation of latent TB is more common in patients receiving ADA and INF than in patients treated with ETN or with other biologics that do not directly inhibit the TNF-α (for example, the interleukin inhibitors) [3] .
ADA and INF are more effective than the ETN in the treatment of plaque psoriasis [4] . The most common adverse effects of ADA and ETN (subcutaneous use) are reactions in application sites while the most common adverse effects related to INF (intravenous use) are infusion reactions [5] . Another common side effect of anti-TNF agents are common infections (especially of the upper respiratory tract) [5] . As a result of the immunological alterations provoked by TNF-α inhibitors, the use of these drugs has been associated with severe infections of viral, bacterial and fungal etiology so it is essential to properly monitor the patients using these drugs and to know all their common and rare possible adverse effects [1-3, 5].
The inhibitors of interleukins (ustekinumab -UST and secukinumab -SEC) are more effective in the treatment of plaque psoriasis than the anti-TNF agents [4, 6] as they act directly on the Interleukin (IL) -23/17 axis (the protagonist of the immunopathogenesis of psoriasis) [7] . By the way, the main mechanism of action of the anti-TNF agents in plaque psoriasis appears to be the inhibition of sTNF involved in the activation of dermal dendritic cells (which are potent sources of IL-23). Thus, the anti-TNF agents would also inhibit the IL-23/17 axis [7] .
Ustekinumab is a fully human IgG1-k monoclonal antibody that binds specifically to the p40 subunit of the cytokines interleukin (IL)-12 (p40+p35) and IL-23 (p40+p19). It binds to the same epitope within the D1 domain of the p40 subunit of each cytokine. Binding of ustekinumab to IL-12 and IL-23 prevents their association with IL-12Rβ 1, which is expressed on the surface of a variety of immune cells such as natural killer and T cells. By directly neutralizing their biological activity, ustekinumab attenuates the immune cell activation properties of IL-12 and IL-23. Ustekinumab is unable to bind to IL-12 or IL-23 that is already bound to IL-12Rβ 1; therefore, it is unlikely to contribute to complement-or antibody-mediated cytotoxicity [8] . By inhibiting the soluble IL-12 and IL-23, UST inhibits, respectively, the differentiation in the lymph node of naive T-helper lymphocytes (LThθ ) into Th1 and Th17 [7] [8] [9] . In psoriasis patients, these activated Th17 and Th1 cells fall in circulation and are captured by the activated endothelial cells on the skin. In the dermis, Th17 and Th1 interact with the antigen-presenting cells -APC (i.e, macrophage and dermal dendritic cells) and under the influence of IL-12 and IL-23 (produced by the APC), they proliferate and release their specific repertoire of cytokines (TNF-α, INFγ, IL-17, IL-22 and others) [7, 9] . By inhibiting IL-23 and IL-12, UST does not allow the proliferation of the Th1 and Th17 in the dermis. Besides, UST may also act in skin lesions preventing IL-17 release by various cells of the innate immune system (neutrophils, mast cells, LTYδ cells and innate lymphoid cells) [7, 10] . Finally, it is a very effective drug [4] and has an excellent safety profile for the treatment of plaque psoriasis. Nasopharyngitis, upper respiratory tract infection and headache are reported as the most common adverse effect of UST [5, 9, 11] . IL-17 (or IL-17A) is a key cytokine in the immunopathogenesis of psoriasis [7] . It acts on keratinocytes altering their differentiation and proliferation, and stimulating them to produce various proteins (cytokines, chemokines and antimicrobial peptides), which attracts more immune cells to the skin [7] . IL-17A acts on keratinocytes individually and together with the TNF-α and IL-22 [7] .
The inhibition of IL-17 by SEC (human IgG1κ monoclonal antibody that binds to soluble interleukin IL-17A) reduces the production of various chemokines by keratinocytes including the ones responsible for the arrival of neutrophils in the skin [6, 12] . SEC causes rapid disappearance of neutrophils (potent sources of IL-17A) in psoriasis lesions [12] . The disappearance of neutrophils correlates with the decrease in proliferation of keratinocytes, demonstrating a strong interaction between these cells in the immune response [12] . IL-17A is important in defense against extracellular pathogens and candidiasis has been reported in patients using SEC (cases controlled with classical treatments without systemic infection report) [6, 12] . The effectiveness of SEC is greater than the UST in the treatment of plaque psoriasis [6] , but rare adverse effects of SEC include neutropenia and isolated reports of Crohn's disease activation [6, 12] .
Conclusion
In conclusion, it is important to know the immunopathogenesis of psoriasis and the mechanisms of action of the biologics in order to understand better their indications and possible adverse effects. In this way, we can individualize the treatment of those patients who need this type of medication. 
